A Tracer Driver to Enable Concurrent Dynamic Analyses by Langevine, Ludovic & Ducassé, Mireille
HAL Id: inria-00071235
https://hal.inria.fr/inria-00071235
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
A Tracer Driver to Enable Concurrent Dynamic
Analyses
Ludovic Langevine, Mireille Ducassé
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T8UWVYX[ZJ\^]JV%V[UK\&_a`cbedgfKhi]JV
jlk `Dmn]XoV%pqsruti]v]-Xvw#`DrKX k qsdxrKX[]PV
y qsziz@` k X>t8] k ]P{}|i] k {}|i]~r+KsuDchidxrDDKvD&zaqsD]PV
FJ-iDD k qc{] k Vvz k `Kdgt8]^huV[] k Vv%dXo|huVY]-hibdxr8` k \)qXode`crqD_a`ch8Xz k `c k qs\]-W]P{h8Xode`cruVJ) ¡r
Xo|idgV k ]-z@` k XJ¢£	]#z k `cza`KVY]	q#¤nX k qD{] k t k dxD] kY¥ ¢J k `D\~qvVYdxricbe]lX k qD{] k ¢£deX¦z k `Wdgt8]JVq>z@`#] k hubc k `DrKX[§;]Jrut
` k \+hibeX[dxzibx]>t8UWruqs\^dg{%qsruqDbeU8V[dxVXo`K`cbxVJ¢s%|idxbx]%bedx\^dXoderi¨Xo|i]%`D] k |u]JqDt+`saX[|i]
X k qc{]
D]Jri] k qXode`cr©  |i]
X k qc{] k t k dec] k {-qDrª_a]^huV[]Jtª_a`DX[|SVYUWru{}| k `Dru`DhuV[beUqsrut«qDV[UWru{}| k `Dri`chuVYbxUD  |i] k ]Jbe]J£qDrKX¬]8]P{h8Xode`cr
]JD]JrcX}V$q k ]VYz@]J{-d­a]Jt_WU¯®u]-Wdx_ibx]«]JD]JrcXzuqX[X[] k ruVqDrutq°bxq k c]ªq k de]-XnU¯`DX k qD{-]«tiqsXoq°{-qsrH_a]
cdec]-r]JdXo|i] k VYU8VYX[]J\^qsX[dg{-qDbebxU` k ¤Y`Dr«t8]-\)qsrat ¥   |i]±z k `cza`KVY]PtX k qD{-] k t k dxD] k |uqcV²_@]-]Jr<t8]JV[dxDri]Pt
qDrut]8z@] k de\^]-rKXo]JtdxrX[|i]+{-`DrKX[]-WX>`s{`cruVnX k qDderKX%bx`DDdg{¨z k `D k qD\±\^dxriu¢8%deX[|uder«³¨´¬µ%§ jk `Dbx`Du# ¶XoV
z k dxru{dxzibx]JV±q k ]D¢|i`	]-c] k ¢dxrut8]Jza]Jrut8]-rKX)`s%Xo|i]$X k qD{]PtSz k `D k qs\^\^dxribxqDriDhaqsD]c<·¦8z@] k de\^]JrcX}qsb
\^]PqDV[h k ]PVV[|i`¸X[|uqsXlXo|i]>®u]-8de_idxbxdXnU)qsrat)za`	] k `s¹Xo|i]¬t8]PV[{ k dx_@]Jtºq k {}|ideX[]P{0Xoh k ]>q k ]¬qsbgVY`Xo|i]v_uqDV[dxV
`D k ]JqcVY`cruqs_ibx]vza] k ` k \)qsra{]JVJ
»¼K½C¾o¿+À ÁD TW`sÂXn
q k ]¦·ricderi]J] k deruu¢Ã²]J_ihicDdxri¢£·¦8]J{hiX[dx`Dr+Ä`crideX[` k dxriu¢P·¦8]J{-h8X[dx`Dr  k qc{dxriu¢
·W]P{h8Xode`crÅ²dgVYhuqDbedxÆJqsX[dx`Dr jk `c k qs\^\^deru&·rWWd k `cri\^]-rKXJ¢aw#`cruVnX k qDderKX>p©`cDdg{ jlk `c k qs\^\^deri
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  p©]JV>X k qD{-]-h k V
`Dh k ridgVoVY]JrcX²qDh8h8X[dxbedgVoqX[]Jh k V²t8]PV>dxr8` k \)qX[dx`DraV%h8X[dxbx]JVvVYh k be]PV>]-P{h8§
Xode`cruVt8]^z k `D k qD\±\^]PV-+ÃvqsraVv{-] k qDziza` k XP¢¹ri`DhaV¨z k `cza`KVY`cruV¬hirºzidxbx`sX[])t8]±X k qc{]-h k ¢zuq k Xod k
t hir&\-\^]	X k qD{]Jh k ¢PdxbK`Dh k rideXhur&zihudxVoV[qDrKX2 k `DrKXY§¶]-rut¬ti]#\&hibXodezube]PVqDruqsbxU8VY]PVtiUKraqs\^dxfKhi]PV-¢£Xo`Dh8X
]JrSbedx\^dX}qsrKXbe]ºV[h k §¶{-`8Xt8]FbxqJr k qXode`crti])bxqX k qc{]Dºp2])zidxbe`DX[]ºt8]^X k qc{]-h k za]Jh8X X k ])hiX[dxbedgV!
$bgq)`DdgV¨t8]^\)qsridxZ k ]&V[UWru{}| k `Dri]&]XqDV[UKra{}| k `cri]Dp2]JV"-#-ri]J\±]JrKXoVvt$ ]-%J{hiX[dx`Dr<z@] k X[dxri]JrcX}VVY`crKX
V[z&J{de­'PVzaq k t8]JV\^`sXodÛV®u]-8de_ibx]JV¦t J-ru]-\^]-rKXoV]X¦hiru]	 k qDrut8]#£q k d(X)	ti]	t8`crirJ]JVt8]	X k qD{-]lz@]-h8X
-X k ]±`Dh k ridx]^V[`DdeX+V[UWVYX*J\)qX[dgfKhi]-\^]JrcXt8`cdX bgqt8]-\)qsrat8]DFp2]^zidebx`sXo]ºt8]^X k qD{-]-h k z k `Dz@`cV*)q+X*
{-`Dr',-h«]-X]8z- k dx\^]-rKX*)tiqDruV¨bx]º{`DrKXo]WX[]^t8])bgq$z k `c k qs\^\)qX[dx`Dr<be`cDdgfchu]&zuq k {`DrKX k qDderKX[]PV-¢©tuqsruV
³¨´¬µ%§ jk `Dbx`Du T8]JV±z k deru{-dez@]JV)V[`DrKX){]Jza]JrutiqsrKX^derat%-z@]-rutuqsrKXoV)t8h°bxqDricqDD]FX k qD{c t8]PV&\^]PVYh k ]JV
]-8z- k dx\^]-rKXoqDbe]PV\^`DrKX k ]-rKX
fchu]²bgq¨®u]8dx_idxbedeX*v]X
bxqzihidgV[Voqsru{-]¬t8]¬b. q k {}|ideX[]P{0X[h k ]²tJ{ k deX[]¬V[`DrKX
qshuVoVYd
bgq k qDdxV[`Drt8]z@] k ` k \^qDru{]PV k qDdxV[`Driraqs_ibx]JVJ
/!À P ¾ 0 
  ³"Jride]Fbe`cDdg{dx]-b;¢t%J_a`ccqsc]D¢VYhiz@] k WdxV[dx`Drt$ ]%J{-h8X[dx`DruVJ¢X k qD{]ºt ]-P{h8Xode`cruVJ¢2WdxV[h8§
qDbedgVoqX[dx`Dr«t$ ]-%J{hiX[dx`DruVJ¢C]-rWWd k `Driru]-\^]-rKXvti]&z k `D k qD\^\^qsX[dx`Dr©¢az k `D k qs\^\)qXode`crbe`cDdgfKhi]+zuq k {-`Dr8§
X k qDderKXo]JV
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Ã¬UWruqs\^dg{z k `D k qs\qDruqsbxU8VYdgV^{`cruVYdgVYXoV)dxr qsruqDbeUWÆ-dxriSz k `D k qD\ ]-8]J{hiX[dx`DruVJ ¶XºdgV)D]Jri] k qsbxbeU°qD{0§
/ ri`%bx]JtiD]JtºX[|uqsX¬t8UWruqD\±dg{¨qsruqDbeU8V[dxV
dgV>{-`D\^zibx]-\^]-rKXoq k U^Xo`ºVnX}qXodx{qDruqsbxU8VYdgV-¢8V[]-]¨` k ]iqs\^zibx]¨X[|i]
tidxVo{huVoV[de`cr°`D10
qsbxb!2Ö43¶HÃ¬UKraqs\^dx{<qsruqDbeU8V[dxV&X[`W`cbxV)dxru{-behuti]D¢
der zaq k X[dg{hibgq k ¢X k qc{] k VJ¢#t8]J_ihiDc] k V-¢
\^`cridXo` k V
qsrutWdxV[huqDbedxÆ-] k VJ
Analysis 1 (e.g. a tracer)
Analysis 2 (e.g. a monitor)
Analysis n (e.g. a visualizer)
Development of ad hoc
instrumentation parts
...
5 dxDh k ]76  |i]>huV[huqDbu{-qcVY]6qsbxbut8UWruqD\^dx{%qDruqsbxU8VYdgVX[`W`DbgV¦dx\^zibe]J\^]-rKX#qt8]Pt8dx{JqXo]Jt±deraVnX k hi\^]JrcX}qXode`cr
zaq k X
 ¡rS` k t8] k X[`_@]ºqs_ibx]±X[`ªqsraqsbxUKÆJ]^]8]J{-h8X[dx`DruVJ¢2V[`D\^]ºtiqsXoq\+huVYX_@])cqXo|i] k ]JtqsratV[`D\^])V[` k X
`D©deraVnX k hi\^]JrcX}qXode`crº\^]J{}|uqDridxV[\)Vl\&huVYX	_@]¬dx\^zibx]-\^]-rKX[]Pt¹  |i]vVnX}qX[]-§;`DÂ§MXo|i]§¶z k qD{X[dg{]D¢cdebxbxhuVnX k qsX[]Pt
_WU 5 dxu2D¢udgV
Xo` k ]-§;dx\^zibx]-\^]-rKX%X[|u]deraVnX k hi\^]JrcX}qXode`cr$` k ]Jqc{}|$ru]-~t8UWruqs\^dg{qsruqDbeU8V[dxV	Xo`W`Db;  |i]
qct8qsrKXoqDD]PVq k ]D¢­ k VnXobeUc¢X[|uqsX&Xo|i]FdxruVYX k hi\^]-rKXoqsX[dx`DrdgV+ruqsX[h k qsbxbxUqDrutSX[dxD|ubeU{`criri]P{0X[]PtSX[`<X[|i]
qDruqsbxU8VYdgVJ¢WqDrutVY]P{`Drat8beUc¢KX[|uqsX
deX>dgV%VYz@]J{-dxqDbedxÆ-]Ptº` k Xo|i]¨Xoq k c]Xo]JtFqDruqsbxU8VYdgV	qsrut$z k `Wtihu{]PV k ]Jbe]J£qDrKX
dxr8` k \)qXode`cr©  |i]²t k q£%_uqD{ / ¢|i`	]-c] k ¢sdgV¦X[|aqXXo|idxVlde\^zibx]-\^]JrcX}qXode`cr k ]Pfchud k ]JVJ¢Ddxr)D]Jri] k qsb;¢s\+ha{}|
Xo]Jt8dx`DhaV
#` k / qDrutt8dxVo{`ch k qsD]PVlz@]-`czibx]¬Xo`ºt8]-c]-bx`Dzt8UWruqs\^dg{¨qsruqDbeU8V[dxV#X[`W`cbxVJ
89:8 ;=<#>?A@BC>EDF>GIHJBK>MLNPORQS@TG:@BKUVLWIXZY\[]?>B_^U'`7L>a'bcBKUVLd?eLGfNVU`
basic tracer
Analysis 1 (e.g. a standard tracer)
Analysis 2 (e.g. a monitor)
Analysis n (e.g. a visualizer)
trace
...
5 dxDh k ]±6  |i]¤YD]-ru] k qX[]-§¶qDrutW§¡t8hi\^z ¥ qszuz k `KqD{}|C6
Xo|i]^deraVnX k hi\^]JrcX}qXode`cr<zuq k XvdxVV[|uq k ]Jtª_ih8X¨X[|i]
qD\^`DhirKX%`stiqX}q&dgV%|Whic]
 ¡rX[|udxVq k Xodx{-be]±#])V[hiDc]JVYX¬Xo|uqX+VYXoqDrutiq k tªX k qD{] k Vv{-qDr«_@]^huV[]Jt«X[`DdxD]±dxr8` k \)qX[dx`Drqs_@`Dh8X
]-8]J{hiX[dx`DruV&X[`V[]-c] k qsb
t8UWruqs\^dg{qDruqsbxU8VYdgV&X[`W`DbgVJ° ¡ruti]-]Jt©¢Vg²q k[k `Dbgt ]-Xºqsb;°|uq£c]V[|i`%r X[|uqsX)q
ìì àAhjik4ll
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basic tracer
with a tracer driver
Analysis 1 (e.g. a standard tracer)
Analysis 2 (e.g. a monitor)
Analysis n (e.g. a visualizer)
requests
...
relevant trace
5 dxDh k ] , 6	¬h k V[hiz@] k WdxV[]Jtc]-ri] k qsX[dx`Drªqszuz k `KqD{}|C6	%deX[|«qºX k qD{-] k t k dxD] k `DrubeU$X[|i] k ]-bx]-qsrKX²zuq k X
`D2Xo|i]]8]J{-h8X[dx`Drdxr8` k \)qX[dx`DrdgV%D]Jri] k qXo]Jt
X k qc{]¨VYz@]J{X k hi\¢u{`cruV[dxVYX[dxri±`s2Xo|i]VY]PfKhi]-ru{-]¨`sz k `c k qs\'VnX}qXo]-\^]-rKXoV	X k q£c] k VY]PtºqDV	Xo|i]¨z k `D k qs\
]-8]J{hiX[]JVJ¢%VYhu_uVYhu\±]PVºqSrWhi\+_@] k `sderKXo] k ]JVYX[dxri`sXo|i] k V[z@]J{0X k qV[hu{}| qDV)X[|i]<V[]Xº`D{`Drat8dXode`cruqsb
_ k qDru{}|i]JV²` k X[|i]^V[]X¬`DlzuqsX[|uV 2ec3¶&g>`	]-D] k ¢uX[|i]^V[]-zuq k qsX[dx`Dr`slX[|i]±]WX k qD{X[dx`Drzuq k X¬ k `c\/X[|i]
qDruqsbxU8VYdgVzaq k X&{-qDriri`sX±_a]t8`cri]F%deX[|i`ch8X±{Jq k ]D« ¡rut8]-]Pt¹¢qDV&dxbebxhuVYX k qX[]Pt_WU 5 dxu¦8¢¦de>]8]P{h8Xode`cr
dxr8` k \)qXode`crSdxV&VYU8VYX[]-\)qsX[dg{-qsbxbxU<D]Jri] k qXo]JtSqsratt8hi\^za]PtSX[`ªX[|i]qsruqDbeU8V[dxV¨Xo`W`DbgV-¢X[|i]$qs\^`DhirKX+`D
dxr8` k \)qXode`crºXo|uqX
®u`>V	 k `D\Xo|i]¨X k qD{-] k X[`±X[|i]qDruqsbxU8VYdgV#\±`8t8hube]PV%{-qsr_@]v|Whic]D¢8ruqD\^]-bxUFVY]JD] k qDb
cdeKqs_WUKX[]PVl` k q±]- V[]J{`crutiV%`D]-8]J{hiX[dx`Dr©
 |i]Xo|i] k Xo|i]dxr8` k \)qXode`crFX k qDruVYdeX%X[| k `chiD|q±­ubx]D¢uq
zudez@]D¢K` k ]-D]Jr)\)qsdxr)\±]J\^` k UD¢K k deX[dxri+V[hu{}|ºqsrºqD\^`DhirKXl`DCdxr8` k \)qXode`cr^Xoq / ]JV#VY`\&hu{}|)Xode\^]>Xo|uqX
Xo|i]¨X[`W`cbxV>q k ]¨ri`DX%huV[qD_ibx]derKX[] k qc{0Xodec]-bxUD¦ ¶X>dgV%]JV[za]P{dgqsbxbeU${ k dXodx{Jqsb¹` k t8]-_ihuDDdxria¢8]-D]Jr%|i]-rdeX>dxV
qDh8X[`c\)qX[]Pt¹¢8_@]J{-qDhuV[]vhaVY] k V
ri]J]JtFX[`)dxrKX[] k qD{X%der k ]Pqsbe§MXode\^]¨%deX[|X[|i]¨Xo`W`DbgV-
y ]JdxVoV^qsrut y ]-rude] k dgV±z k `cza`KVY]FX[`]-ru{-`8t8]qDrut¯{`D\^zuqc{0X&X[|i]X k qD{-]$dxr8` k \)qXode`crF2xj3¶  |i]Jd k
qDziz k `cqc{}|$dgV%huV[]Jtdxrªqº{`crKX[]WX>%|i] k ]\&hibeX[dxzibe]+X k qD{-deri)V[`Dh k {]PV>V[]-rutdxr8` k \)qXode`cr$Xo`^X[|i]±V[qD\^]
qDruqsbxU8VYdgV#\±`8t8hube]c ¡r$X[|udxV
q k X[dg{bx]D¢W	]¬z k `cza`KVY]vqsri`DX[|i] k qDziz k `cqD{}|2¢D\^` k ]vqc{-{-h k qsX[]>%|u]-rq&V[deruDbx]
V[`Dh k {-]^V[]-ratiVdxr8` k \)qX[dx`DrXo`z@`cVoVYdx_ibxU¨VY]JD] k qsbqDruqsbxU8VYdgV¨\^`8t8hibx]JVJ¬VdebxbxhuVnX k qsX[]PtS_KU 5 dea , ¢
	]²|aq£D]¬ti]JV[decri]Jt)%|aqX
#]v{-qsbxb¹q¬¤nX k qD{-] k t k dxD] kn¥ ¢c%|u`cV[]²z k de\)q k U±hiru{X[dx`Dr$dxV#X[`+­ubeX[] k Xo|i]vtuqXoq
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_@]>V[]-rKX¦X[`qDruqsbxUWÆ-] k V%dXo|i`DhiX¦ k ]J]-Æ-dxri¨Xo|i]%]8]J{-h8X[dx`Dr2  + (
d( d+  I	 VYz@]J{-d­a]JVXo|uqXP¢cqX
\)qsXo{}|idxri&X k qD{]v]-c]-rKXoVJ¢8VY`c\^]¬X k qc{]¨tiqX}q&q k ]¬X[`^_@]VY]JrcX
Xo`^qDruqsbxUWÆ-] k VJ  |i]¨]-W]P{h8Xode`cr$dgV	 k `DÆ-]Jr
hurcXodeb©X[|i]qsraqsbxUKÆJ] k V	` k t8] k X[|u]]8]J{-h8X[dx`Dr$X[` k ]JV[hi\^]D >r 		
 (d) 	 dxV%q±z k `8{]Jtih k ]t8]-­uri]Pt
dxrqsrqsruqDbeUWÆJ] k ¢cXo|uqX>dgV%{-qDbebx]Jt$%|i]Jrq±\)qX}{}|idxri^]-D]JrKX
dgV%]Jru{`chirKX[] k ]Jt©
5 dxu   debxbxhuVnX k qsX[]PVlXo|i]¨X k ]JqsX[\^]-rKX%`sX[|i]vXn	`+XnUWz@]JV%`DzuqsXYXo] k ruV-  |i]¨]-W]P{h8Xode`cr$dgV
z k ]JV[]-rKX[]Pt
qcVqvV[]JfKhi]Jru{]
`Da]-bx]-\^]JrcX}q k U_ibx`8{ / V X[|i]%]-W]P{h8Xode`cr&]JD]JrcX}V  ²r±qDruqsbxUWÆ-] k \^]Pt8dxqsX[` k cqXo|i] k VX[|i]
zaqXYXo] k ruV k ]JfKhi]JVYX[]PtF_WU)Xo|i]qsraqsbxUKÆJ] k V
qsrutt8dgVYzuqsXo{}|i]PV	X[|i] k ]JV[hibeX>VY]JrcX%_WUºXo|i]¨X k qD{-] k t k dec] k ÛV[]-]
ti]XoqDdebx]Jtti]JVo{ k dez8Xode`cr<TW]J{X[dx`Dr   0 	X¬]PqD{}|X k qD{-]]-c]-rKXJ¢uX[|i]+X k qD{-] k t k dxD] k dxV¬{-qsbxbx]JtX[`º­ubXo] k X[|i]
]JD]JrcXP2 ¶@X[|i]>{-h kok ]JrcX¦]JD]-rKXt8`W]JVru`sX\)qX}{}|±qDrKU+`s@X[|i]>qc{0X[dxD]
V[za]P{de­u]Jt±zuqsXYX[] k raV-¢Xo|i]%]8]P{h8Xode`cr
c`W]JV
`Dr Û]-D]JrKXoV}¢c¢i¢u¢ 0# ¶X[|i]{-h k[k ]-rKX>]JD]-rKX%\)qX}{}|i]JV>qDrqD{0Xodec]¨zuqX[X[] k r©¢
V[`D\^]FX k qD{]tiqsXoq<q k ]VY]JrKX&Xo`«Xo|i]qsruqDbeUWÆ-] k \^]Pt8dxqsX[` k Û]-D]JrKXoV i¢!#"  ¶²Xo|i]$\)qsXo{}|i]Pt
zaqXYXo] k rdxVvqDV[UWru{}| k `Dri`chuV	X[|u]&tiqsXoq)dgV²z k `8{]PV[V[]Jt_WU$X[|i] k ]Jbe]JqsrKX¬qsraqsbxUKÆJ] k dxr<qDr<qDV[UWru{}| k `Dri`chuV

q£U ]JD]-rKX$%0¦ ¶X[|i]¨zuqsXYX[] k rdgV%VYUWru{}| k `Dru`DhuVlX[|i]¨]-W]P{h8Xode`cr$dgV# k `cÆ-]Jr©¢8	qDdXoderu+` k q^fKhi] k U
`DlXo|i]ºqsruqDbeUWÆJ] k ]JD]-rKX&" 0  |u]^qDruqsbxUWÆ-] k z k `8{]PV[V[]JV¬Xo|i]FV[]-rKXtiqX}qqDrutS{-qDrqcV / ` k \^` k ]
tuqXoq^qD_a`ch8X%X[|i]&VnX}qX[]`DXo|i]]-W]P{h8Xode`cr©  |i]¨X k qc{] k t k dxD] k {-qDr k ]X k dx]-c]¬haVY]-hibtiqsXoq)qD_a`ch8X%X[|i]
]-8]J{hiX[dx`DrVnX}qX[]qDrut$V[]-ratFXo|i]-\ X[`±X[|u]qsruqDbeUWÆ-] k ¤n`cr$t8]J\^qDrut ¥   |i]qsruqDbeUWÆJ] k {-qDrqDbxV[` k ]Pfchu]JVYX
V[`D\^]>\^`8t8de­a{-qsX[dx`DruVl`s¹Xo|i]¬qc{0X[dxD]²zuqX[X[] k ruVj6qctit)ri]J zuqX[X[] k ruVl` k#k ]J\±`c]%]8dgVnXoderi+`Dri]PV- 
 |i]-r
ru`+qsruqDbeUWÆJ] k |aqDVlqDrWU+h k X[|u] k	k ]Pfchu]JVYXX[`&\^q / ]²qD_a`ch8XlXo|i]¬{-h kok ]JrcX#]-D]JrKXJ¢cX[|i]¨qsruqDbeUWÆJ] k \^]JtidxqsX[` k
V[]-ratiV
X[|u] k ]PVYhi\^dxriº{`c\^\^qDrut$X[`^Xo|i]X k qD{-] k t k dec] k ('*)^{`c\^\^qDrut   |i]¨X k qc{] k Xo|i]-r k ]JV[hi\^]JV
Xo|i]]8]P{h8Xode`cr$hirKXodeb¹Xo|i]ri]-KX>\)qsXo{}|idxri^]-c]-rKXJ
þîì©þÂó
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Event Filtering
Trace data
...
Execution
Observed
by tracer
Tracer
Driver
Go!
Event i
Event i+1
Event i+2
Event i+3
Event i+4
Event i+5
Event i+6
Retrieving
Data
Event patterns
Synchronous
Handler
Asynchronous
Handler
Send more data!
Modify patterns!
Trace and synchr. data
Additional Trace Data
Analyzer Mediator
5 dxDh k ]   6 ²V[UWru{}| k `Dri`chuV%qsrutV[UWru{}| k `Dri`chuV
dxrcXo] k qD{X[dx`DruV%_@]Xn	]-]JrX[|i]X k qD{] k qsratFXo|i]&qDruqsbxUWÆ-] k
\^]Pt8dxqsX[` k
 |i]q k {}|ideX[]P{0X[h k ]$]-ruqD_ibe]PVXo|i]\^qDruqsc]-\^]-rKX±`s¬V[]-c] k qsb#qc{0Xodec]FzuqsXYX[] k raV-S·lqc{}| zuqX[X[] k r°dxV
dgt8]JrcXod­a]Jtª_WUqºbgqs_@]-b; !cdec]-rª]-8]J{hiX[dx`Drª]JD]-rKX¨\)q£U$\)qX}{}|«V[]-c] k qsb2zaqXYXo] k ruVJ	
 |i]Jr«V[]-rutideri
Xo|i]X k qD{-]$tiqsXoq<X[|i]bxdxVYX)`s ÛbxqD_a]JbxV^`D &\^qsXo{}|i]Pt zuqsXYXo] k ruV±dxV^qDtut8]Jt X[`«X[|i]X k qc{]D  |i]-r©¢lX[|i]
qDruqsbxUWÆ-] k \^]JtidxqsX[` k {JqsbxbxV%q±VYz@]J{-d­@{¬|aqsrut8bx] k ` k ]JqD{}|$\)qXo{}|u]Jt$zuqX[X[] k rqsrutt8dgVYzuqsXo{}|i]PV k ]Jbe]J£qDrKX
ìì àAhjik4ll
    4( 
! ++
X k qc{]>tiqsXoqvXo`dXP ¶©qsXlbe]PqDVYX`Dri]%\)qsXo{}|i]Pt^zuqX[X[] k r^dxVlVYUWru{}| k `Dru`DhuVJ¢X[|u]²qsruqDbeUWÆJ] k \^]Jt8dgqXo` k 
qsdeXoV
` k ]JD] k U)V[UKra{}| k `cri`DhaVl|uqDrut8bx] k X[`&­uridgVY|_@]` k ]¨VY]Jrut8dxri+Xo|i] k ]PVYhi\^dxri^{`D\^\)qsrat)X[`&X[|u]²X k qc{] k
t k dxD] k  5ik `D\Xo|i]za`cderKX%`sKdx]-H`sq+cdec]-rF]JD]JrcX
|uqDrut8bx] k ¢WX[|i]qD{X[dxqX[dx`Dr$`s`sX[|u] k |uqsrat8be] k V	`cr
Xo|i]Voqs\^]¨]8]J{-h8X[dx`Dr]-c]-rKX%dxV	X k qDruVYzaq k ]-rKXJ
 |idgV²q k Xodx{-be]+]-\^zi|uqcVYdxÆ-]PV%\^` k ]¨X[|i]+X k qD{] k t k dec] k Xo|uqsrXo|i]+qDruqsbxUWÆ-] k \^]Pt8dxqsX[` k ¬rX[|u]`Dri]
|aqsrut¹¢cX[|u]vt8]PVYdxDrºqDrut)dx\^zibe]J\^]-rKXoqsX[dx`Drº`D¹X[|i]²X k qD{] k t k dxD] k dxV	{ k deX[dg{-qsba%dXo| k ]JV[za]P{0XlXo` k ]JV[za`cruV[]
Xode\^]c  ¡rut8]J]Jt¯deXFdxVF{-qsbxbx]Jt¸qXº]PqD{}|¯]-D]JrKXFqsrut¯]8]P{h8Xode`cruV^`sVY]JD] k qDb%\±dxbxbedx`DruVº`s¨]-D]JrKXoV ÛV[]-]
V[]J{X[dx`Dr  >q k ]D] k U{`D\^\^`Dr2	·lD] k UF`c] k |i]Jqct¹¢8]-c]-rXo|i]Xoderidx]JVYXJ¢@dgV%X[|u] k ]` k ]{ k deX[dg{-qsb;¬rX[|i]
`DX[|i] k |uqDrut¹¢uX[|i]&de\^zibx]-\^]-rKX}qX[dx`Dr`D¦X[|i]&qsruqDbeUWÆ-] k \^]Jt8dgqXo` k dxV²\+hu{}|bx]JVoV²{ k deX[dg{-qDb©_a]P{-qDhuVY]+dXvdxV
{Jqsbxbe]PtF`cribxUº`Dr\)qXo{}|uderi^]JD]-rKX}V- 5 h k Xo|i] k \^` k ]D¢8deXoV%dx\^zibe]J\^]-rKXoqsX[dx`DrdxV%\&hu{}|]JqDV[dx] k 
   %&¨©
$1
¬V¦qsb k ]PqDt8U+\±]JrKX[dx`Dri]Pt¹¢Dqsr±]-c]-rKXzuqsXYX[] k r±dgV¦q{`Drat8dXode`cr&`cr+Xo|i]>qX[X k de_uh8X[]PV¦`s@]-D]JrKXoVJ ¶Xl{-`DruV[dxVYXoV
`D¬q­ k VYX±` k ti] k ` k \&hibgq<{`c\+_idxridxri]-bx]-\^]-rKXoq k US{`crut8deX[dx`DruV±`crX[|i]qsXYX k dx_ih8X[]PV-  |udxV±VY]P{0Xode`cr
V[hi\^\)q k deÆJ]JV¬X[|u]^` k \^qsX`s#X[|i]^X k qc{]^]-c]-rKXoVJ¢2V[za]P{de­u]JV¨Xo|i]^` k \)qX`s	X[|u])]-D]JrKX¨zaqXYXo] k ruVqsrat
cdec]JV	]iqD\±zube]PV
`szaqXYXo] k ruVJ
	\9:8 <#>?A@B BTHJBKUVL`
 |u]$qD{X[huqDb` k \)qX±`s%Xo|i]ºX k qc{]º]JD]-rKX}V|uqcV    `Dr X[|i]FX k qD{] k t k dxD] k \^]J{}|uqDridxV[\)V-
 |u]de\^z@` k XoqDrcX¬dxVoVYhu]dxV>X[|uqsX¬]-c]-rKXoV>|uq£D]qsXYX k dx_ih8X[]PV²qDrutX[|uqsX¬V[`D\^]+qX[X k de_uh8X[]PV²q k ]V[za]P{de­a{¨X[`
Xo|i]±XnUWza]^`s	]-c]-rKXoVJ  |u]&X k qc{]&` k \)qX¨X[|uqsX#]^huV[]^dxV¨t8]Pt8dx{JqXo]Jt<X[`{`cruVnX k qDderKX¨z k `D k qs\^\^dxri
`c] k ­urideX[]ti`D\)qsdxruVJ¢8_ih8X%X[|u]zuqX[X[] k rbxqDriDhuqDD]vdxV 7 	( ]1(
   )    
 |idgV¨VY]P{0Xode`cr<VYhu\±\)q k dxÆ-]PV%X[|u]+` k \)qXP¬ ¶X}V¨qsdx\ dgV²X[`|i]-bxzX[|u] k ]Jqct8] k V>%|i`$#`chibgt	qDrKX²X[`
hurut8] k VYXoqsratºXo|i]t8]X}qsdxbxV
`DXo|i]]iqD\±zube]PV#dxrX[|i] k ]-\)qDderidxri^`sX[|i]q k Xodx{-be]c
 {`cruVnX k qDderKX+z k `c k qs\ \)qDridezuhibxqsX[]PV+q k dgqs_ibx]JV&qsrut {-`DruVYX k qsdxrKXoV+`DrSX[|u]JV[]$q k dgqs_ibx]JVJª·lqc{}|
q k dgqs_ibx]²|aqDV%q 7"  ¢aq+­urideX[]V[]X%`sza`KV[V[de_ube]vqsbxhi]JVJ  |i]qsdx\`sq&{-`DruVYX k qsdxrKX	z k `D k qD\ dgV	X[`
­arut+q¬qsbxhuqXode`cr ` k X[|i]	_a]PVnX¦qsbxhuqsX[dx`Dr©¢cdec]-r+qDr+`D_imn]J{0Xodec]lhuru{0Xode`cr `siXo|i]
£q k dgqs_ube]PVV[hu{}|Xo|uqX
]JD] k U<{-`DruVYX k qsdxrKXvdgVVoqXodxVY­u]Jt©  `ªti`ªVY`a¢{`cruVYX k qsdxrcXV[`DbxD] k Vvdx\±zube]J\±]JrKXrKhu\±] k `chuVqsbxD` k deX[|u\^V
{-`D\^dxri k `D\q k de`chuV k ]JV[]Jq k {}|ºq k ]PqDVJ¢cV[hu{}|FqcVl`cza] k qsX[dx`Dr k ]JV[]Jq k {}|©  |i] k ]¬q k ]&   z@`cVoV[de_ibx]²]JD]JrcX
XnUWz@]JVvdxrªX[|u]&X k qc{] k 	]&huV[]D·#qD{}|<]JD]JrcX¨|uqcV¬{-`D\^\^`Dr«qDrut<V[z@]J{de­a{±qX[X k de_ihiX[]JVJ  |i]){`c\^\±`cr
qsXYX k dx_ih8Xo]JV
q k ]76X[|u]v]JD]JrcX	XnUWza]c¢iq^{}| k `cri`Dbx`Dcdx{Jqsba]-D]JrKX	rWhi\&_a] k ¢WXo|i]t8]-z8Xo|$`D2Xo|i]{h kok ]JrKX	ri`8t8]
dxrX[|u]+VY]Pq k {}|8§;X k ]-]D¢WXo|i]&V[`DbxD] k VnX}qXo] Ût8`c\)qsdxruV-¢a{`DraVnX k qDderKX²VYX[` k ]qsratz k `czuqsKqXode`crfKhi]Jhi] ¢aqsrat
Xo|i] d+	  "  V[za]JrcX%V[deru{-]²Xo|i]¨_a]JDdxriridxri±`s©Xo|i]¨]8]J{-h8X[dx`Dr©  |i]¨V[za]P{de­a{¬qsXYX k dx_ih8Xo]JV
t8]-z@]-ratF`cr
Xo|i]vza` k XP  |i]-Uºq k ]¬ri`sX%t8]X}qsdxbe]PtF|u] k ]D 
 |i]-ri]JD] k Xo|i]-UF%debxbC_a]¨huV[]JtFderFX[|i]v`Dbxbx`%deri+X[|i]JUº%dxbeb
_@]zuq k qDzi| k qDV[]Jt¹
5 dxu8z k ]JV[]-rKXoVX[|i]¬_a]JDdxriridxri+`D©qX k qD{-]>`s2qX[`U^z k `D k qs\ derF` k t8] k Xo`+dxbebxhuVYX k qXo]%X[|i]v]-c]-rKXoV
ti]JVo{ k de_@]Jtqs_@`D]c  |udxV
z k `D k qD\¢

	 "!#$&%'()"%*+,.-/%*+0' ¢©VYz@]J{-d­u]PVvX[|uqsX % dgVq$­urideX[]ºt8`c\^qDderq k dxqD_ibx]
%|udx{}|dgVdxr21 
3 "
3546ºqDrut  dgVXo|i]Fdxrut8]-`D%X[|i]F£qDbehu]F`s % der X[|idgVbxdxVYX7l\±` k ]J`D] k % dgV]JdXo|i] k
þîì©þÂó
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5 dech k ]6  za` k Xode`cr$`DX k qc{]
FHGIIKJ'L'M NON PRQTSUVQXWZY\[^]3_`J'a	IXbcFHGIIKJ'L'Med'FHbgfhM:ij6LkdlGiImdM6bon mTfI
d'FHbgfhM:ij6Lkd NON Pqpsrut.psrwvxys_sz[^{!r
GiIm8dM|bon m4fI}NON P~GiImdMGiIm8dM6bgn m4fItAGiIm8dM
GiIm8dM NON Pqz|{{!]3_:|n m4fIXbdkkbGIILm86IKJ'f!tz7TkKF7Lkd	i'J*6L*J
J'a	IXbcFHGIIKJ'LM NON PJ'a	IXbcFHGIIKJ'L'Mr7{J'a	IXbcFHGIIKJ'L'M '3
t^J'a	IXbcFHGIIKJ'LM7_spJ'a	IXbcFHGIIKJ'LM *:
t3_^r7J'a	IXbcFHGIIKJ'LM *:
tJ'a	IXbcFHGIIKJ'LM, ?
tidM:mTIm8dM *:
idM:m4ImdMNON PS:*KU V¡d'F£¢¥¤£S7QO¦V¡t§d'F¨sS:*K*U V©t{]
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5 dxDh k ]6³ k qs\^\)q k `s]-c]-rKX%zuqX[X[] k ruV
]PfKhuqsb¹Xo`  ` k ]PfKhuqsb¹Xo`$8  |u]+VY]P{`crutqsbeX[] k ruqsX[dxD]¨dgV>Xo|i]`DrubeU$]JqcVYdx_ibx]`Dri]c  |i]X k qD{-]+{-qDr_a]
k ]JqctFqcVl`cbebx`>VJ  |u]¬­ k VYX
Xn#`±]-c]-rKXoV%q k ] k ]JbxqsX[]Pt)X[`±Xo|i]¨derKX k `8t8hu{X[dx`Dr`s2Xn	`±£q k dgqs_ube]PV´³*qsrat
³ i¢W{-` kok ]PVYz@`Drat8deru k ]JV[za]P{0X[dxD]JbeU±Xo`  qDrut % 8 ¡r³vrKhi§ jk `Dbx`Da¢W£q k dgqs_ube]PV#q k ]vqsbx	q£U8V	{ k ]JqXo]Jt)%deX[|
Xo|i]v\^qs8de\&hi\t8`D\)qDder  k `c\Xo` Hµ'¶Z· 0  |i]JrºX[|u]²­ k VYX
{-`DruVYX k qsdxrKXldxV
{ k ]PqX[]PtT6 
	
Û]-c]-rKX¹¸ ,   |idxV	{`cruVYX k qsdxrcX#\^q / ]PV¦Xn	`&t8`c\^qDder k ]Pt8hu{0Xode`cruVÛ]-c]-rKXoV¹¸   qsratA¸± 6Xo|i]¬t8`c\)qsdxr
`D#Xo|i])­ k VYX£q k dgqs_ube]   v_@]J{-`D\^]JV 1  33 
6^qDrut«X[|i]$t8`D\)qsdxr`s % _@]J{-`D\^]JV 1 3"3546c¢CXo|i])`DribxU
{-`DruV[dgVnXo]-rKX¦£qDbehu]JV¦V[`¬Ûq k  %ÂXo] k Xo|i]JV[] k ]Jt8hu{X[dx`DruVJ¢Xo|i]>{`cruVnX k qDderKX¦dgV¦VYhuV[z@]-rut8]Pt ]-c]-rKXº¸&   |i]
]-8]J{hiX[dx`Dr{`crcXoderWhi]PV+qDrut«­urutiVX[|i]VY`cbeh8Xode`cr  %+ ¢  +¼» ¬Xo| k `Dhic| , `sXo|i] k ]-D]JrKXoVri`DX&V[|i`%r
|u] k ]D
	\9 ½ ?eLdLBC>U`
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`D]-W]P{h8§
Xode`cr«]JD]JrcXP'VYUWru{}| k `DrudeÆPqX[dx`Dr«`Dz@] k qXo` k X[]-bxbgV%|i]Xo|i] k Xo|i])zuqsXYX[] k rSdgVqDV[UWru{}| k `Dri`chuV  Á À v` k
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5 dech k ] 6·¦iqs\^zibx]JV%`DzuqsXYX[] k raV	` k WdxV[huqDbedxÆJqsX[dx`Drqsrut$\^`DrideX[` k dxri
qsXYX k dx_ih8Xo])£qDbehu]JV  P ¼7À  )  + &#   	 + ¢` k X[`ªqcV / X[|i]ºqDruqsbxUWÆ-] k Xo`ª{-qDbebqz k `8{]Pt8h k ]
c0 0 j   #´²`sX[]X[|uqsX%X[|i]z k `8{]Pt8h k ]¨dxV% k deXYX[]Jrderªq^bgqsrichuqsc]²Xo|uqX²X[|i]+qDruqsbxUWÆ-] k dgV>qD_ibe]
Xo`«]-8]J{hiX[]D  |idxV±bgqsrichuqsc]FdgV±deruti]-z@]-rut8]JrKX^`D>X[|u]$X k qc{] k t k dxD] k  >r¯]-bx]-\^]-rKX}q k US{-`DrutidXode`cr
{-`Dru{-] k ruV
qsrqX[X k de_ihiX[]`sX[|u]{h kok ]JrKX	]JD]-rKXP
 |i] k ]&q k ]VY]JD] k qsb / dxrutiV²`sqX[X k de_ihiX[]JVJ
·lqD{}| / dxrut|uqcV²q)V[za]P{de­a{V[]X¬`D¦`Dz@] k qX[` k V#Xo`º_ihidxbxt
]Jbe]J\^]-rKXoq k U{`Drat8dXode`cruVJ 5 ` k ]iqs\^zibx]D¢\^`cVYX+`s
Xo|i]${-`D\^\^`DrqX[X k de_ihiX[]JV±q k ])dxrcXo]-c] k M{}| k `cri`u¢
ti]-z8Xo|©¢ri`8t8]ºbgqs_@]-b 0<w#bxqcV[V[dg{-qsbl`Dz@] k qX[` k V¨{Jqsr_@]ºhuV[]JtS%deX[|Xo|i`cV[]ºqX[X k de_ihiX[]JVj6+]PfKhuqsbxdXnUc¢tidxV[]§
fKhuqDbedeXnU  0¢dxri]JfKhuqDbedeX[dx]JV !¢#"¢#$'qsrut&%  |i]  qsXYX k dx_ih8X[]FdxV+X[|i]ºXnUKz@]F`D
X[|i]{h kok ]JrKX
]JD]JrcXP¨ ¶X¨|aqDVvq$V[\)qsbxbV[]X¨`slz@`cVoV[de_ibx]±£qDbehu]JVJ  |u]+`cbebx`%deruF`Dz@] k qXo` k V²{Jqsr<_@]±huVY]Ptª%deX[|«X[|i]
z@` k X+qX[X k de_uh8X[]6+]JfKhuqDbedeXnU<qDrutt8dgVY]PfchaqsbxdXnU  qDrut' ¨qsrat<Xn	`ªV[]X`Dz@] k qXo` k V-¢)( À qDrut ÀÀ  ( À 
w#`cruVYX k qsdxrcXvVY`cbec] k V%\)qsridxzihibgqXo]&qºbx`sX¨`sl{-`DruVYX k qsdxrKXoV¬qsrutq k dgqs_ibx]JVJ ²ÂXo]-r©¢©qºX k qD{]&qsruqDbeU8V[dxV²dxV
`cribxUºderKXo] k ]JVYX[]Jt$dxrq^V[\)qsbxb©VYhi_aVY]-X>`s2Xo|i]-\ ¬z@] k qXo` k V*( À qsrut ÀÀ  ( À ¢iqszizubedx]JtFX[`)dgt8]-rKXod­u] k V
`D
]JrKX[deX[dx]JV¨` k ruqD\^]&`DlX[|u])£q k dgqs_ube]PV-¢¹{-qDrV[z@]J{deU<V[hu{}|SVYhi_aVY]-XoVJ ¬z@] k qX[` k V  ÀsÀ J ( À  qsrut ÀÀ  ¾
 À^À P ( À  q k ]huV[]JtX[`$]8z k ]JVoV>{`crut8deX[dx`DruV¬`Drªti`D\)qsdxruVJ  |idgV¬V[]X²`D`Dz@] k qXo` k V%dxV¬t8]Jtidx{JqX[]PtX[`
Xo|i]¬XnUKz@]¨`s2]-8]J{hiX[dx`DrF	]¬X k qD{]c ¶X
{-`Dhibgtº_@]¨]WX[]Jrut8]JtFX[`^{`cza]v%deX[|`sX[|u] k XnUWza]PV#`DqX[X k de_uh8X[]PV-
	\9
	 O,+\?Ab.-'WfB ` N0/1-'? LdLBC>U'`
5 dxu ±z k ]JV[]-rKXoV>X[| k ]-]&zuqX[X[] k ruV²X[|aqXv{Jqsrª_@]&qc{0XodeqXo]Jtdxrªzuq k qDbebx]-b;  |i]+­ k VnX¬Xn#`ºzaqXYXo] k ruVvq k ]
WdgVYhaqsbxdeÆPqX[dx`Dr«` k de]JrKX[]JtC6¬Xo|i]^­ k VnX`cri] k ]Pfchu]JVYXoV¬X[|i]^X k qc{]^`s	]Jqc{}|{-`DruVYX k qsdxrKXY§¶za`KVnXoderi%deX[|X[|i]
dgt8]JrcXod­a] k `s©Xo|i]v{-`DruVYX k qsdxrKX	Ûq+hiridgfKhi]¬dxrKX[]JD] k 0¢WdeXoV k ]Jz k ]JV[]-rKXoqsX[dx`Dr ÂXo|i]vruqs\^]v`s¹X[|u]v{-`DruVYX k qsdxrKX
%deX[|+dX}V2zuq k qD\^]X[] k V CqsratvX[|i]	bedgVYX2`s8Xo|i]ldxrWD`DbxD]Ptv£q k dgqs_ube]PV   0 5 deaP%cdec]JV©Xn#`>Vo{ k ]-]JruVY|u`sXoV
`DWdgVYhuqDbedxÆJqsX[dx`DruV	%|idg{}|q k ]¬_uhidebeX²huV[dxri)VYhu{}|zuqsXYX[] k raV2
 |i]V[]J{-`DrutFzuqX[X[] k r k ]PfKhi]JVYXoV#X[|u]¨X k qD{]v`sqsbxbCX[|i]ti`D\)qsdxr k ]Jt8ha{0X[dx`DraV
\^qct8]¨_WUº{`DraVnX k qDderKXoV
Xo|uqXt8`>ri`DX{-`D\^]¦ k `D\ X[|i]	qDVoVYdxDru\±]JrKX2z k `W{-]Jt8h k ]lqDrutvX[|aqXti`²ri`DX k ]-\^`D]Xo|i]l\)q8dx\)qsbDdxrKX[]JD] k
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5 dech k ]¨6  	`±X k qD{-]§¶_uqDV[]Jt)Wdx]->V
_uqcVY]PtF`crX[|i]¨­ k VYX
zaqXYXo] k r$`D 5 dxDh k ] W
qDbehi]cl ¶X²VYX[` k ]PV	X[|i] k ]Jtihu{dxriº{`cruVYX k qsdxrcX>qDrut$X[|i] k ]Jt8ha{]Jtq k dgqs_ibx]JVJ  |i`KVY]tiqsXoq^{-qDr_a]haVY]Pt
Xo`{-`D\^zih8Xo])VY`c\±]±VnX}qXodxVYX[dg{-VqDrutXo`$WdgVYhuqDbedxÆ-]&X[|u]±dx\^zuqD{Xv`D#]PqD{}|<{-`DruVYX k qsdxrKX¬`DrdeXoVvq k dxqD_ibe]PV-
 |u`cV[]>Xn	`+zuqsXYX[] k raV#q k ]²qcVYUWru{}| k `cri`DhuVj6©Xo|i] k ]Pfchu]JVYX[]JtFtiqX}q+q k ]²V[h º{dx]-rKX	` k X[|i]vWdxV[huqsbxdxÆJqXode`cr
qDrutFX[|i]zuqsXYXo] k ruV%t8`^ri`sX>|aq£D]¬X[`)_@]\±`8t8de­u]Pt¹
 |i])bgqDVYXzuqsXYX[] k rSdgV\^` k ]^\±`crideX[` k dxris§¶` k de]JrKX[]JtC6vdeX k ]-]JÆ-]JVvXo|i])]8]P{h8Xode`crSqsX]Jqc{}|t8`c\)qsdxr
k ]Jtihu{0Xode`cr\^qct8]º_WUSqªVYUW\&_a`cbedg{){`cruVnX k qDderKX&V[hu{}| qcV ) "   `cr q k dxqD_ibe]PV v` k    )    |udxV
zaqXYXo] k rqDbebx`>V#X[|i]\^`cridXo` k deru±`D2Xo|i]¨­ubeX[] k dxri)qsbxD` k deX[|i\)V	huV[]Jt$` k Xo|i]JV[]¨Xn#`^{`cruVYX k qsdxrcX}V-
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 |u]qsruqDbeUWÆ-] k \^]Jt8dgqXo` k z k `8{]PV[V[]JV	Xo|i]X k qD{-]76deX¬V[za]P{de­u]JV%X[`^X[|u]X k qD{-] k t k dxD] k %|aqX>]-c]-rKXoV²q k ]
ru]-]Jti]JtFqDrut)\)q£U^]8]J{-h8X[]¨V[za]P{de­a{²qc{0X[dx`DraV` k ]PqD{}|F{-bxqcV[V#`s k ]-bx]-qDrcX#]-D]JrKXoVJ  |u]¬\^]JtidxqsX[` k {-qDr
V[hiz@] k WdxV[])VY]JD] k qsbqDruqsbxU8VY]PV¨qX+qX[dx\^]D$·lqD{}|qsraqsbxUWV[dgV¨|uqDVdeXoV`%rzuh k z@`cV[])qsruthuV[]JV+VYz@]J{-d­a{
zude]P{]JV`suX k qD{]
tiqsXoqi  |i]	deruti]-z@]-rut8]Jru{]	`suX[|i]%{`cru{h k[k ]-rKXqDruqsbxU8VY]PV©dgV]JruV[h k ]Pt_WUvX[|i]
\^]JtidxqsX[` k
Xo|uqXv{]-rKX k qDbedxÆ-]PV	X[|i]+{-`D\^\+huridx{JqXode`cr%deX[|Xo|i]X k qc{] k t k dxD] k qsrutt8dgV[zuqX}{}|i]JV
Xo|i]X k qc{]tiqsXoq±X[`
Xo|i]`DruD`Ddxri^qsruqDbeU8V[]JVJ
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{Jqsrri`sXodUFX[|i]]Jrut$`s¦q±V[UWru{}| k `Dri`chuV
VY]PV[V[dx`Dr©
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X k qc{] k%k ]-X k de]JD]JV	Xo|i] k ]JfKhi]JVYX[]Ptzide]P{]PV%`s¦tiqX}qi# ¶X¬VY]JrutiV
Xo|i]+tiqsXoq^qDV²q^bedgVnX¬`szuqsd k V
ìì àAhjik4ll
£    4( 
! ++
(')!D  ?
  5

		 2 (')!D T )	=/&!(	+!&§+
!	62K)	!
+0)&'D!!;#;65

(|*D0!/=+')'&'(  ?
   2*+	(')	¯C% /C
!/<D&	)A;65
  52¯	C

 
		 2 (' TE+	(')	¯A% /C
!/<D&	)*  (=(D!/:5! 	+'):58!)!
'#/&!(	+!&§+
!	62K)	!
+0)&'D!!;#;65
! 
		 2 (')!D T§)	=/&!(	+!&§+
!	62K)	!
+0)&'D!!;#;	;65

5 dxDh k ]   6 ¡\^zibe]J\^]-rKXoqsX[dx`Dr`sXn#`±X k qD{-deru^{-`D\^\)qsrutuV
"$#&%'%'( )+* %, 3- #. * ,/  	 10 t8]Jbe]-X[]JV#qsbxb8X[|u]¬qD{X[dxD]%]JD]-rKXzuqsXYXo] k ruVlqDrut±X[|i]Jd k bxqD_a]JbxVJ jk dx\±deX[dxD]
	 3254 t8]Jbe]-X[]JV	Xo|i]qD{X[dxD]vzuqX[X[] k ruV	%|i`KVY]vbgqs_@]-bgV%q k ]vV[za]P{de­u]Jt$dxrFXo|i]zuq k qs\^]-X[] k  jk dx\±deX[dxD]
6  deruV[] k XoVdxrX[|u]	qc{0X[dxD]lzuqX[X[] k ruVJ¢£X[|i]	]-c]-rKXzaqXYXo] k ruVVYz@]J{-d­u]PtdxrX[|u]#zuq k qD\^]X[] k ¢J`Dbxbx`%deri²X[|i]
 k qD\^\^q k t8]JVo{ k dx_a]Pt^der 5 dxDh k ]²i jk dx\^dXodec]87 2 ru`sX[de­u]PV¦X[|u]%X k qD{-] k t k dxD] k X[|uqsX#qV[UKra{}| k `cri`DhaV
V[]JVoV[de`crFdgV
­uridgVY|u]Jt¹  |i]vX k qc{]Jt$]8]P{h8Xode`cr$%dxbeb2_a] k ]JV[hi\^]Jt¹
5 dxu   debxbehaVnX k qsX[]JV¬Xo|i]&haVY]^`slX[|i]^z k de\^deX[dxD]PV²Xo`$dx\^zibx]-\^]-rKXXn	`ºX k qD{-deru{-`D\^\)qsrutiVJ±w#`c\&§
\)qDrut 0 
9 ]-ruqD_ibx]JV	X[`^c`+Xo`&Xo|i]D] k U)ru]WX>]-c]-rKXJ ¶X²V[de\^zibxU k ]JV[]XoV
qDbeb¹zuqsXYXo] k ruV%qsrutqDtutiV
`Dri]
%|udx{}|%dxbeb\)qX}{}|ªqsrWUF]JD]-rKX¬qDrut{-qDbeb;¢@derªqºV[UWru{}| k `Dri`chuV

q£UD¢iXo|i]X k qc{] k X[`czibe]JD]JbM²w#`D\^\)qsrat
0:3;90	 	    3;
230 ]-ruqD_ibe]PVvX[`V / dxz«X[|i]ºt8]-XoqDdebgV¨`s	£q k dgqs_ube]^t8`D\)qDder k ]Pt8hu{X[dx`DruV¨%|i]JrS]-ru{-`Dhir8§
Xo] k deru+Xo|i]q£	q / ]-ruderi+`sq±{`cruVYX k qsdxrcXP ¶X	­ k VYX
{}|u]J{ / V#X[|i]{h k[k ]-rKX#z@` k XJ¢8dedeX>dgV=<><
?@
deX%qcV / V#X[`
c`^X[`FX[|i]±VYhuV[z@]-ruV[de`cr`sX[|udxVv{`cruVnX k qDderKXP  |u] k ]D¢aX[|i]&huVY] k %dxbeb;¢a` k ]-iqs\^zibx]D¢u_@]&qD_ibx]X[`{}|i]J{ /
Xo|i]±£qDbehu]+`slX[|i]^t8`D\)qDderuV¬qÂXo] k qsbxb2Xo|i] k ]Pt8hu{0Xode`cruVJ¬ ¶Xo|i]^{`D\^\)qsratdxVv{-qDbebx]Jtª`Dr«qDrª]-c]-rKX¬`D
`DX[|i] k XnUWza]¨deX²VYdx\^zibeUqD{XoV%qDV 0 
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 |udxVVY]P{0X[dx`Drt8]PV[{ k dx_@]JV¹dxrt8]X}qsdxbsXo|i]l{ k deX[dg{-qsbcdxVoV[hi]¦`sWX[|u]¦­ubeX[] k dxri>\^]J{}|uqDridgVY\ 	X2]PqD{}|¨]8]P{h8Xode`cr
]JD]JrcXP¢dXdgV{Jqsbxbe]Pt¨X[`¬X[]PVnXX[|u] k ]-bx]-qsra{]l`DiX[|u]#]JD]-rKX%dXo| k ]JV[za]P{0XX[`²X[|i]%qD{X[dxD]#zuqX[X[] k ruVJ´²`sX[dg{]
Xo|uqX¨Xo|i]^]8]J{-h8X[dx`Dr«`s#q$z k `D k qs\/%deX[|S{`cruVnX k qDderKX}V¬{Jqsr<bx]JqctXo`V[]-c] k qsb\±dxbxbedx`DruV¨`Dl]8]P{h8Xode`cr
]JD]JrcX}V
za] k VY]P{`crut¹  |i] k ]` k ]c¢WX[|i]¨]){-de]Jru{U$`sX[|i]]JD]-rKX
­ubeX[] k dxri)dgV%q / ]-UºdgVoVYhi]c
 ¡rSXo|i]^`Dbxbe`%dxria¢2	]&­ k VYX+t8]JVo{ k dx_a]^Xo|i]ºqsbxD` k deX[|i\ `s	X[|i])X k qc{] k t k dxD] k   |u]-rS#]ºV[z@]J{deU
Xo|i]qshiX[`D\)qsXoq±%|idg{}|t k dxD]vX[|u]\)qXo{}|uderi^`D]JD]-rKX}V%qscqDderaVnX>qD{X[dxD]¨zuqsXYX[] k raV- 
]t8dgV[{-huVoV>VY`c\^]
V[z@]J{dgqsbxdgV[qsX[dx`Dr¸dxVoV[hi]JVJ 
]<DdxD]«VY`c\±]«t8]X}qsdxbxVqs_@`Dh8XFX[|i]«deru{ k ]J\^]-rKXoqDb²|uqDrut8bxderi°`szuqsXYX[] k raV-
pqDVYX[bxUD¢8	]¨]8zibgqsdxrFXo|uqX>]JD]-rKX>qX[X k de_uh8X[]PV>q k ]v{-`D\^zih8Xo]Jt`DrubeUºhuza`crti]-\)qsrut©
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5 dech k ]^P6 >bxD` k deX[|i\ `sX[|i]  k qc{] k Ã k dec] k
q\9:8 <#>?A@BC> ]> GIHJBC> ?AWsrN> GIL[b

 |u]-rqsr¯]8]P{h8Xode`cr¯]JD]JrcXº`8{J{h k V-¢#X[|u]X k qD{-] k dxV${-qDbebx]Jt¹  |i]X k qD{-] k {`cbebx]J{XoVºV[`D\^]tiqsXoqX[`
\)qDderKXoqDder°dX}V±`%r°tiqsXoqVnX k hu{X[h k ]JV^qDrutXo|i]-r¸{-qDbebgV&X[|i]X k qD{-] k t k dec] k   |i]qsbxD` k deX[|i\ `s¬X[|i]
X k qc{] k t k dxD] k dxVcdec]-rder 5 dxuPi  |i]^­abXo] k deri\^]J{}|aqsridgVY\ {-qDr«|uqDrut8bx]ºVY]JD] k qDbqc{0Xodec]±]JD]JrcX
zaqXYXo] k ruVJ 5 ` k ]Jqc{}|$zuqsXYXo] k r©¢udeX[|i]{-h k[k ]-rKX>]JD]-rKX%\)qX}{}|i]JV
Xo|i]zuqsXYXo] k r$Xo|i]bgqXYXo] k dgV
X}qsDc]JtqDV
qc{0XodeqXo]Jt¹ 
 |uqsX[]-c] k X[|i] \)qX}{}|idxri k ]PVYhibeX¬dgVJ¢aXo|i]+ru]WXvzaqXYXo] k rªdgV¬{}|i]P{ / ]Pt¹
 |i]Jr<ri`$\^` k ]
zaqXYXo] k ruV&|uq£D]FX[`<_@]{}|i]J{ / ]Jt¹¢Xo|i]FX}qscD]JtSzaqXYXo] k ruV^q k ]ºz k `8{]JVoV[]Jt¹  |i]hiridx`Dr `D k ]JfKhi]JVYX[]Pt
zude]P{]JV¨`D	tiqsXoqdgVVY]JrcXqcVvX k qD{]^tiqsXoq%dXo|X[|i]^bgqs_@]-bgV¨`slXo|i]^XoqDDc]JtªzaqXYXo] k ruVJ± ¶
qXbx]JqcVnX¨`Dri]
V[UWru{}| k `Dri`chuV>zaqXYXo] k r<dgVvXoqDDD]Pt¹¢¹q$V[dxDruqDbdgVVY]JrKX¬Xo`FXo|i])qsruqDbeUWÆ-] k qDrutXo|i]±X k qD{-] k t k dxD] k 
qsdeXoV
` k%k ]PfKhi]JVYXoV>{-`D\^dxri± k `c\X[|u]+qsruqDbeUWÆJ] k qsrutz k `8{]PV[V[]JV	Xo|i]-\.hirKX[dxb©X[|u]Otvuz k dx\^dXodec]dxV>V[]-rKX>_WU
Xo|i]qsraqsbxUKÆJ] k 
q\9 ½ ?eLdLBC>UZ?Aa\LNJbc?eLd?
 |u]	\)qsXo{}|idxriv`s@qDr+]JD]-rKX¦qsKqsdxruVnX¦q¬zuqX[X[] k r±dxVt k dec]-r&_KU&qsr&qDh8X[`c\)qX[`cr+%|i] k ]	]Jqc{}|&VYXoqsX[]
dxVbgq§
_@]-bx]Jt_KU¨qsr+]-bx]-\^]-rKXoq k U¨{`crut8deX[dx`Dr%deX[|Xn	`>z@`cVoVYdx_ibx]X k qDruVYdeX[dx`DraV	6CX k hi]l` k ÛqDbxV[]D  |i]#qDh8X[`c\)qX[`cr
|aqDVlXn#`+­uruqsb¹VYXoqsX[]JVJ¢pwxy{z)qsrut}|G~>4za ¶©Xo|i]wxy{z)VnX}qX[]vdgV k ]Jqc{}|i]Jt¹¢cX[|u]v]JD]JrcX	dxV
Voqsdgt^X[`±\)qX}{}|
Xo|i]zuqsXYX[] k r2¦·lqD{}|qsh8Xo`D\)qXo`Dr k ]PVYhubX}V
`sX[|i]{-`D\^zidxbxqsX[dx`Dr`s¦qsr]-D]JrKX
zaqXYXo] k r©  |idgV>{`c\^zidebgq§
Xode`cr&dgVVYz@]J{-d­a]Jt&_KUX[|i]%qX[X k de_uh8X[]Pt+ k qD\±\)q k `s 5 dea8DD  |i]#­uruqsbiqDh8X[`c\)qX[`cr+`DiX[|i]%]-8z k ]PV[V[dx`Dr
dgV	q&{-`D\^za`KVYdeX[dx`DrF`s2V[hi_8§¡qsh8Xo`D\)qX}qX[|aqX
]8z k ]JVoVlV[hi_8§¶]8z k ]JVoVYdx`DruVJ  |u]vqsXYX k dx_ih8X[]PV	`s¹X[|u]v k qD\±§
\)q k q k ] , %'( X[|i]
]-rKX k U¨z@`DdxrcX`suX[|i]%qshiX[`D\)qsX[`Dr2¢P` k `DaqvVYhi_i§¶qDh8X[`c\^qsX[`cr 0¢ s ( * , ÂX k qDruV[dXode`cr
deX k hi] >qsrut sU #., X k qsruV[dXode`crd¦ÛqDbxV[]  , %'( dxV>V[UWrKX[|i]PVYdxÆ-]Pt¹¢ s ( * , qsrut sU #., q k ]dxr8§
|u] k dXo]Jt¹wxy{zºqDrut|G~>4zºq k ]vX[|i]¨Xn	`+­aruqsb2VYXoqsX[]PV-  |idgV% k qs\^\)q k dgV%deraVYzid k ]Jt$_KUºX[|i] k qD\±\)q k
Xo`+]J£qDbehaqX[]v_@`K`cbe]Pqsrº]-8z k ]PV[V[dx`DruVlder$de\^z@] k qX[dxD]¬bxqDriDhaqsD]PV- ¶X	\^dxridx\±dxÆ-]PV#X[|i]vrWhi\+_@] k `s{`Drat8d§
Xode`cruV
Xo`º{}|i]J{ / 2Ös3; 	X>]Jbe]J\^]-rKXoq k UF{-`DrutidXode`cruV-¢>I>pI " 3E  ( * , 3h U #.G,/ { k ]JqsX[]JV
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5 dech k ]±c76 	XYX k dx_ih8Xo]Jt k qs\^\)q k Xo`±c]-ri] k qsX[]vzuqX[X[] k rqshiX[`D\)qsXoq
qri`8t8]>%|i] k ]%Xo|i]¬{-`DrutidXode`cr)%debxba_@]¬{}|u]J{ / ]Pt¹ ¶CdeX#dgVlX k hi]>deXoV < ( * , {-`DrKX[dxrWhuqXode`cr^%debxba_@]¬{-`Dr8§
ru]J{0Xo]JtºX[`&X[|i] s ( * , {`crcXoderWhuqsX[dx`Drº`D©X[|u]vz k ]JKdx`DhaVri`8t8]c¢8`sX[|u] k %dxV[]²deXoV sU #., {-`DrKX[dxrWhuqXode`cr
%dxbxb¹_a]{`criri]P{0X[]Pt)Xo`&Xo|i] sU #&.G, {-`DrKX[dxrWhuqXode`crF`sX[|i]¨z k ]-Wdx`DhuV#ri`8t8]c¦·¦iqs\^zibx]JV	`sqsh8Xo`D\)qX}q
q k ]vDdxD]Jr$dxrVY]P{0Xode`cri   
q\9
	 Y#-&BK@TGf?AWG T?eLGfNJU L[?AU"5\` LNPL[B -&NJ>L
¬VlV[]-]Jr)derFTW]P{0Xode`cr , ¢sXo|i]²z@` k XldgVlqV[za]P{dgqsb@qXYX k dx_ih8Xo]²V[deru{-]>deX#t8]-ru`sX[]PV¦Xo|i]    `sCXo|i]>]8]P{h8Xode`cr
]JD]JrcX	_a]Jderu&X k qc{]Pt¹  z@` k X
{-` kok ]PVYz@`DratiV¦Xo`^V[z@]J{de­a{¬zuq k XoV#`sX[|i]¨V[`DbxD] k {`8t8]v%|i] k ]¨q+{JqsbxbaXo`±q
huru{0Xode`cr`DXo|i]X k qc{] k |aqDV
_@]-]-r|i`W` / ]Jt© 5 ` k ]iqs\^zibx]D¢idxr<w#`8t8]-dxri]D¢iX[|i] k ]q k ]   |i`W` / V	` k X[|i]
6 @*7)89+@z@` k XJ¢]-\&_a]Ptit8]Jt«dxrcXo`   V[z@]J{de­a{±hira{0X[dx`DraVvX[|uqsX\^q / ])t8`c\^qDder k ]Pt8hu{X[dx`Drder   t8d@] k ]JrcX

q£U8V- 5 h k X[|i] k \^` k ]c¢#V[za]P{de­a{qXYX k dx_ih8Xo]JV^t8]Jza]Jrut¯`Dr°X[|i]z@` k XJ ²V)qS{`cruVY]PfKhi]-ru{-]D¢¦Xo|i]za` k X
dgV{-]-rKX k qsbdxrSX[|u]ºzuqX[X[] k rV[za]P{de­a{-qsX[dx`Dr© 5 ` k \^`cVYX`s
X[|i]J\¢qª{-`DrutidXode`cr`crX[|i]ºz@` k X+%dxbeb#_a]
]-8zibedg{deXJ 
 |i]JrFqsrF]-D]JrKXl`8{-{h k VJ¢cdeX#dgV#huVY]Jbe]PV[VX[`±{-qsbxbaX[|i]²X k qD{] k t k dxD] k d2ru`zuqX[X[] k rºdgV k ]Jbe]J£qDrKX
` k X[|i]z@` k X>`sX[|udxV%]JD]JrcXP  |i] k ]-` k ]D¢K` k ]PqD{}|za` k XP¢uq&®aqs^dgV%|uq k t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